Temperature is universally measured in the hospitalized patient, but the literature on hospital-acquired fever has not been systematically reviewed. This systematic review is intended to provide clinicians with an overview of the incidence, etiology, and outcome of hospital-acquired fever.
A ntimicrobial resistance has emerged as a major problem in the hospitalized patient. The National Nosocomial Infections Surveillance System found up to a 30% increase in resistant isolates from 1998 to 2003.1Antimicrobial resistance has been associated with poorer patient outcomes and increased hospital expenditures. 2 Unfortunately, significant numbers of new antimicrobials with activity against resistant isolates are not expected in the near future, a
Hospital-acquired fever--fever occurring at least 24 to 48 hours after admission of a previously afebrile patient--is common, and clinicians are faced with the decision of whether or not to begin empiric antimicrobial therapy. As empiric use of broad-spectrum antibiotics contributes to antibiotic resistance in the hospital setting, 2 one practical approach to decrease antibiotic resistance entails a better understanding of 
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the need for empiric antibiotics when hospitalized patients become febrile. Accordingly, we undertook a systematic review of the literature focused on adult general medical patients with hospital-acquired fever in order to estimate the incidence, etiology, risk factors, and outcome of hospital-acquired fever and to assist in decisions regarding institution of empiric antibiotic therapy.
METHODS

Literature Search
We sought to identify all published studies of hospital-acquired fever in adult general medicine patients. 
Selection Criteria
We reviewed titles, abstracts, and articIes to identify relevant publications for inclusion. Articles were included ff they prospectively or retrospectively reported the incidence, etiology, risk factors or effect on length of stay, antibiotic usage, or mortality of fever acquired during hospitalization. Articles that included subjects with both hospital-acquired and community-acquired fever were included if data were reported in a manner that distinguished hospital-acquired from community-acquired fever, Studies that focused on pediatric patients. fever in the developing world, classic fever of unknown origin or specialized patient populations (e,g,, neutropenic patients, patients with neurological injury, critically ill patients, postoperative patients) were excluded.
Data Assessment
One author (D.R.K.) evaluated all abstracts, articles, or titles. Articles that clearly did not meet inclusion criteria were excluded; all other articles were then independently reviewed in 
Data Synthesis
Assessment of Study Characteristics and Design. A total of ?
studies were included 4-1° (Table 1) . Six other published reports used the same primary data as included studies. These studies were not included as separate studies, but were reviewed and any relevant data were analyzed. 11 16 While all studies included general medical patients, the populations studied differed. One study was conducted exclusively in a general medical ward, 4 2 focused on hospitalized geriatric patients, 9'1° and 4 included mixed populations but focused on the general medicine setting. 5-s Sites included university hospitals in the United States, Europe, and Japan, a VA hospital, and a county hospital. Four studies were designed to investigate hospital-acquired fever exclusively4'7'9'1°; 3 studies included patients with both hospital-acquired and community-acquired fever, a'6's Three studies enrolled only patients with fever 4'6'1° and thus made no estimate of incidence of fever; 3 enrolled patients admitted to a unit or hospital over a defined period of time, 5's'9 and 1 study enrolled only patients with fever and calculated incidence of fever on the same ward at a later time. 7 TWo studies used a case-control design to calculate risk factors for hospital-acquired fever4'7; one of these studies selected unmatched controls randomly from patients on the same unit at the same time as the case subject. 7 Two studies used a cohort design to estimate either risk factors for hospital-acquired fever or risk factors for infectious etiology of fever. 6 '9 Studies varied in the threshold temperature for defining fever and the definition of hospital-acquired fever. The threshold varied from an oral temperature >37.4°C, 5 to a rectal temperature >38.3 °C. 6 Two studies required 2 elevated temperatures4'S; 5 studies required only a single fever. 5-7'9'1° The definition of hospital-acquired fever ranged from 24 hours to 7 days after admission, and 4 studies required a 5-or 7-day fever-free interval prior to hospital admission. 4'7"9' lO
Incidence and Etiology of Hospital-acquired Fever
The incidence of hospital-acquired fever ranged from 2% to 17% 5,7-9 (Table 1} . Fever was attributed to infection in 37% to 74% of patients, whereas a noninfectious etiology was identified in 3% to 52%. 4-1° The most common infectious causes included urinary tract infection, pneumonia, sinusitis, and bloodstream infection. 4'7'9' lO The most common noninfectious causes were procedure related (e.g., blood transfusion), malignancies, and ischemic conditions (e.g., myocardial infarction, pulmonary embolism).4'7'9' 10 Studies varied in the methodology used to determine the etiology of fever. Two studies used the 1988 Centers for Disease Control and Prevention [CDC) definitions for nosocomial infection, which defines 48 specific sites or types of infection OCCUlTing at 13 site categories based on a combination of clinical and laboratory findings. 4'9'17 One earlier study used previously described criteria for nosocomial infection. Selected Risk Factors for Infectious Etiology of Hospitalacquired Fever. Risk factors for infectious etiology of hospital-acquired fever varied from study to study (Table 1 ). Higher maximum temperature or higher peak white blood cell count were associated with an infectious etiology of fever in more than 1 study. [4] [5] [6] Antibiotic Usage and Hospital-acquired Fever. Three studies described the use of antibiotics in response to fever. 4'7"9 In patients determined to have a bacterial cause of fever, antibiotics were prescribed at onset of fever in 66% to 92% of febrile episodes. Rates of antibiotic use for patients with a noninfectious cause of fever ranged from 29% to 55% for a mean duration of 6.6 to 9.6 days. 4'7'9
DISCUSSION
Our review demonstrates that only 7 studies of hospital-acquired fever in the general medical population have been conducted. Moreover, only 4 studies were intended to investigate hospital-acquired fever specifically. 4'7'9'1° Drawing clinically relevant conclusions from these studies is limited by heterogeneity in patient population studied, definition of hospitalacquired fever, and determination of etiology of fever. Our review has several strengths. Several databases were systematically searched and multiple authors independently reviewed papers for inclusion. Furthermore, a separate search was conducted by a research librarian. Explicit criteria were applied to exclude studies of specialized populations that would not be applicable to our questions of interest.
In order to conduct further studies in this important inpatient area, standardization of several methodological issues is necessary. The threshold for fever that should prompt evaluation is arbitrary and depends on the patient setting and condition. For example, an otherwise healthy patient with a single fever to 38.3 °C immediately after routine uncomplicated abdominal surgery would rarely require significant evaluation. In contrast, an elderly patient with unexplained delirium and temperature to 38.0 °C requires a more thorough evaluation. Elderly patients are known to have lower temperatures at baseline, 19 and in one study of hospitalized patients with pneumonia for each decade increase in age the average temperature was decreased by 0.15 °C. 2° In an attempt to establish a standard for critically ill adults, Infectious Disease Society of America (IDSA) guidelines have suggested that those with temperatures >38.3 ° should be considered febrile. 21 IDSA guidelines for neutropenic patients with cancer define fever as "a single oral temperature of _> 38.3°C (101°F) or a temperature of -> 38.0 °C (100.4°F) for > 1 hour. ' '22 We think that a threshold temperature similar to that used for neutropenic fever would be reasonable to guide further studies of hospital-acquired fever.
The optimal site for measuring temperature needs to be standardized. In one study comparing core temperature with readings obtained with a tympanic thermometer, erroneous readings were common. 2a IDSA guidelines for critically ill patients recommend that "axillary measurements should not be used. ''21 Thus, we think an oral temperature should be used when possible.
The fever-free interval and duration of hospitalization before fever require definition. We think it is important to study hospital-acquired fever as a distinct population separate from patients admitted with infectious diagnosis who are febrile early in their hospital course. A 5-day afebrile period before admission and at least 48 hours of hospitalization before occurrence of fever should exclude most of these patients.
Finally, classification of the etiology of fever (e.g., infectious, noninfectious, unknown) is a difficult task. Ideally, studies should be conducted prospectively with standardized investigations based on a patient's clinical findings (e.g., chest radiography if new cough or sputum production is present) if the etiology of fever is not obvious on initial evaluation. The best tool available for defining infectious etiology of fever is the CDC definition for nosocomial infection. 17
Hospital-acquired fever in the general medicine population appears to be a relatively common but poorly studied subject. Clinicians require further information regarding the etiology, incidence, and outcomes associated with hospital-acquired fever to better optimize empiric antibiotic usage.
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